Fires in an earthquake generally occur simultaneously on a large scale, so that the fire-fighting activity is beyond its ability in almost all the cases. Perfect fire-fighting activity can not be expected under the special circumstances such as urban fire in an earthquake. Then, the decision-making of the extinguishing priority order is quite important to get the most out of the fire-fighting capacity and to minimize the damage in the chaos of disaster.
１．INTRODUCTION
Fires in an earthquake generally occur simultaneously on a large scale, so that the fire-fighting activity is beyond its ability in almost all the cases. Perfect fire-fighting activity can not be expected under the special circumstances such as urban fire in an earthquake. Then, the decision-making of the extinguishing priority order is quite important to get the most out of the fire-fighting capacity and to minimize the damage in the chaos of disaster.
Though the decision-making of the extinguishing priority order is not easy because many factors intervene over it, it is risky to rely heavily on the institution and experience of firefighters.
Therefore, the development of support system of the decision-making according to the real-time simulation of spreading fires is anticipated.
Based on this simulation system, the extinguishing priority order can be determined by the comparison of the effect by extinguishment of each house on fire. Such the system is helpful not only for the development of fire-fighting strategies but also for the inspection of fire safety and the development of the regional disaster prevention plan.
Several studies have been done on the support system for fire-fighting operation. Sekizawa et. al. 1) developed the system in which the required number of fire-fighting teams was calculated with the information of the perimeter of burning area.
With the 1995 Hyogo-ken Nanbu Earthquake, Uemura et.al. 2) developed the training system for firefighters. Kimata et. al.
3) made a Petri-net model of fire-fighting activities in an earthquake. Including these researches, the study on the support system for fire-fighting operation has been developing. Development of the appropriate system considering the scale of a local government and its fire-fighting capacity is necessary.
For small-to-medium-sized local governments, in which the number of fire engines and pumper trucks are strictly limited, such the system may be useful that the extinguishing priority order to each origin of fire is determined, to prevent the damage from spreading. The objective of this study is to develop the system in which the extinguishing priority order is given to every currently burning house, by introducing the objective function with explanatory variables such as the total number of burning houses. The formula of spreading velocity of fires so called "Toshoshiki 2001" 4) and the et. al. 5) are used in this study.
２． OUTLINE OF METHOD OF SPREADING FIRE ANALYSIS
Analysis of spreading fire plays an important role in this study. The outline of the method is mentioned in the followings.
（１）Formulas of spreading velocity and methods of spreading fire analysis Formulas of spreading velocity of fire inside a house and between neighboring houses were proposed based on the researches of the past fires and physical experiments. Hamada's formula 6) of spreading velocity of fire is well known and had been used for the fire of wooden houses. Some other formulas were proposed for the wooden fire-preventive and quasi-fire-resistive types. TFD (Tokyo Fire Department) proposed a new formula, which is called "Toshoshiki 97" 7) . The accuracy of spreading velocity of fire was remarkably improved through the research of damages in the fires in 1995 Hyogo-ken Nanbu Earthquake. The influence of the collapse of houses was also reflected. Later, the TFD's formula was modified, so that fire-resistive and quasi-fire-resistive types of houses can be managed. It is called "Toshoshiki 2001" 4) . This is one of the most reliable formulas of spreading velocity of fires. Macro-simulation of spreading fire between grids (for example each grid is 5km×5km mesh) over the urban area had generally been performed based on such information as the building coverage ratio (: e.g. Kimata 8) ). The improvement of the accuracy in the formula of spreading fire and development of GIS (Geographic information system) enabled micro-simulation of spreading fire between houses.
Some researches on the micro-simulation of spreading fire in urban areas have been done. Yano, et. al. 9) applied their original formula of spreading velocity of fire to the simulation of the fire in Kobe in 1995 Hyogo-ken Nanbu Earthquake. Sekizawa 1) , et. al. utilized the digital residential map for modeling the paths of spreading fire and they developed the system to perform the simulations with given wind velocity, wind direction and origin of fires. Tsujihara, et. al. 10, 11) also
proposed the system to simulate urban fire in an earthquake in which the digital residential map was used. Later, Tsujihara, et. al. 4) modified the system by introducing the Perti-net (: e.g. Murata 12) ), which was one of the graph algorithms and was defined in 1962 by Carl Adam Petri, so that it could be applied to the simulation of the simultaneous occurrences of fires. Tsujihara, et. al. 13) confirmed the validity of the system through the simulation in the burnt area in Hyogo-ken Nanbu Earthquake.
（２）Algorithm of micro-simulation of spreading fire by Petri-net A house is modeled with some places as shown in Figure 1 . A couple of places are connected by input arc, transition and output arc as shown in Figure 2 . Each place can hold tokens.
The distribution of tokens represents the state of a system. An arc may have the weight which is shown by the number of arrows or accompanying integral number.
The transition ignites when the number of tokens held in the input place is as same as the weight of the connecting input arc. Then, the tokens of the input place are consumed and the tokens, the number of which is specified by the weight of the output arc, are generated in the output place. The spreading time of fire, which can be calculated by the TFD formula, is allocated to the weight of each input arc.
Readers may refer to the paper 4) for further details. 
３ ． METHOD FOR ESTIMATION OF EXTIN-GUISHING PRIORITY ORDER AND ITS SYSTEM
（１）Method for estimation of extinguishing priority order In order to utilize fire-fighting capacity, proper decision for the extinguishing priority order based on the prediction of spreading fire is important. In this study, Eq.1 is proposed. The extinguishing priority of the burning house (i) is assigned in ascending order of the value of B(i). For example, in the case that only the total number of houses which catch fires is considered, 1.0 is given to the weight coefficient of this factor. The results depend partly on the weight coefficient. Including which factors are to be emphasized, the final decision is left on the user.
Type and number of stories of houses and buildings should be given as the attribute information. They are categorized into four types by fire-safe, namely wooden, wooden fire-preventive, quasi-fire-resistive and fire-resistive.
Such the information is related to the spreading velocity of fire. Besides the information, the number of households, the number of persons in a household and level of importance for each building or house can be given, which are required when the relevant factor is taken into consideration in the decision of extinguishing priority order. （ ２ ） System for estimation extinguishing priority order In the system, supposing that one of the origins of fire is extinguished, the movement of fires can be simulated. Same simulations are carried out for all other origins of fire.
The values of B(i) are compared, for example, in 60 minutes after each one of origins are extinguished. Then, the extinguishing priority of the burning house (i) is assigned in ascending order of the value of B(i). The data files shown in Table 1 are required in the simulation of the movement of fires. The data file "weight of arcs" can be automatically made with the other three files except "origins of fire". All these files are save in the style of Microsoft Excel. Although generally the generation of data for the simulation of spreading fires requires troublesome and tremendous labor, the attempt to generate the data semi-automatically with digital residential map has already been replicated 14) . Table 2 shows the list of the functions in the system of decision of extinguishing priority order. Figure 3 shows the virtual city where the simulation of decision of extinguishing priority order, supposing windless and 5 weak in JMA (Japan Meteorological Agency) intensity scale, is carried out. The shaded polygons of houses in the figure, whose ID numbers are 3, 14, 22 and 30, respectively, denote the origins of fires. Figures 4 -6 show the type of structures, the number of households and the level of importance, respectively. The total number of houses and households are 31 and 35, respectively. Figure 7 shows the relation between elapsed time and the number of estimated burnt houses in the case that each origin of fires is extinguished. Maximum effect can be achieved in 30 minutes by extinguishing the No.22 house. The type of structure of No.3 and 14 houses is both quasi-fire-resistive and the types of surrounding houses are quasi-fire-resistive or fire-resistive.
Therefore, extinguishment of these two origins of fires has not much effect on spreading fires.
On the other hand, the type of structure of No.22 and 30 houses is both wooden fire-preventive, which is more flammable than quasi-fire-resistive type, and the type of surrounding houses is also wooden fire-preventive.
The reason that extinguishing No.22 house is more effective is in its location. No.30 house is located in the east end of settlement so that fires spread only to the west, though the fires from No.22 house can spread in all directions. Figure 8 shows the movement of fires after 20 minutes. The effect by the extinguishment of each origin of fires is visually expressed. Figure 7 shows that the effect by the extinguishment differs with time.
In order to minimize the burnt houses in 60 minutes, the maximum effect is expected by extinguishing No.14 house instead of No.22. Figure 9 shows the movements of fires after 60 minutes.
Even if one of the houses of No.22 and 30 is extinguished, the surrounding houses catch fires from the other in 60 minutes.
Therefore, the extinguishment of either house is not practical to prevent the spread of fires. In the case of extinguishing No.3 house, while a few neighboring houses prevent from catching fire, most of the rest of houses catch fires.
Meanwhile, extinguishing No.22 house helps to delay the spread of fires to the west.
As a result, it minimizes the number of burnt houses.
The order of extinguishing priority with time is shown in Figure 10 considering only the number of estimated burnt houses. The effective extinguishment of houses is No.14, 3, 22, 30, in that order, when the damage in 60 minutes is to be minimized. Figure 11 shows the factors of damage with Figure 12 shows the order of extinguishing priority with time with the same weight coefficients, W(j) , j= 1, 2, 3, 4. The maximum effect in 60 minutes is obtained by extinguishing No.14 house, followed by No.22, 3, 30. Figures 13 and 14 are the examples of screen display with this system.
Though the effect by extinguishment of any one of burnt houses is evaluated and is compared with others in this paper, the effect by simultaneous extinguishment of more than 2 houses can be 
５．CONCLUSIONS
In this study, a decision support system for extinguishing priority order in simultaneous occurrences of fires with earthquake is developed. The feature of this system is to give the extinguishing priority order to every house on fire. This can be used not only as a tool for the decision making in real-time fire-fighting operation but also for fire-fighting training and fire safety assessment. Improvement is required to be able to take account of the location of fire station, the number of fire engines and water facility so as to raise the precision and to add new functions. 
